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Description 

FIELD OF THE INVENTION 

The invention relates to a process for preparing an optically active lactic acid from DL-lactonitrile using a microor- 
ganism. An optically active lactic acid is useful as a chiral center for producing optically active pharmaceuticals and 
agricultural chemicals. For example, D-lactic acid is expected to enjoy an increasing demand as a starting material for 
L-2-chloropropionic acid, an intemiediate of optically active herbicides. Further, increasingly, much study is directed 
to the use of optically active lactic acid polymers as medical materials. 

BACKGROUND OF THE INVENTION 

Known processes for biologically preparing lactic acid from DL-lactonitrile include a process of using a microor- 
ganism belonging to the genus Bacillus . Bacteridium . Micrococcus or Brevibacterium (see U.S. Patent 3,940.316); a 
process of using a microorganism belonging to the oenus Corvnebacterium (see JP-A-61 -56086. the term "JP-A" as 
used herein means an "unexamined published Japanese patent application"); a process of using a microorganism 
belonging to the genus Corvnebacterium . Nocardia , Bacillus . Bacteridium . Micrococcus or Brevibacterium (see JP-A- 
61 -1 621 91 ) and a process of using a microorganism belonging to the genus Pseudomonas. Arthrobacter, Aspergillus , 
Penicillium . 'cochliobolus or Fusarium (see JP-A-63-222696). Those processes relate to production of racemic lactic 
acid and not to production of an optically active lactic acid. 

On the other hand, with respect to production of optically active hydroxy acids, there are known a process for 
producing an L-a-hydroxy acid which uses yeast of the oenus Torulopsis (see JP-B-54-1 4668. the term "JP-B" as used 
herein means an "examined published Japanese patent application") and a process for producing an optically active 
a-substituted organic acid which uses a microorganism belonging to the genus Alcaliqenes, Pseudomonas. Rhodop- 
suedomonas Corvnebacterium . Acinetobacter . Bacillus . Mvcobacterium, Rhodococcus or Candida (see EP 
0348901 A) However, those processes do not make it possible to obtain a desired optically active compound in a 
predominant proportion from a starting racemate. Further, these are no illustrative examples conceming the preparation 
of an optically active lactic acid from DL-lactonitrile and thus, it is unclear whether an optically active lactic acid can be 
prepared with high efficiency and at a high optical purity by those processes. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to provide an industrially advantageous process for preparing an 
optically active lactic acid from DL-lactonitrile. 

The inventors have conducted extensive investigation into that problem. As a result, they have found that an 
optically active lactic acid can be obtained efficiently by subjecting DL-lactonitrile to the action of a specific microor- 
ganism capable of asymmetrically hydrolyzing a nitrile in a polar solvent. The inventors have ascertained that lactonitrile 
has the property of coming to equilibrium upon dissociation into acetaldehyde and prussic acid in a polar solvent, which 
eventually leads to racemization. Thus, a desired optically active lactic acid can be prepared in a predominant proportion 
directly from DL-lactonitrile by combining such a racemization system with a nitrile asymmetric hydrolase produced 
from a microorganism. It is possible theoretically to convert all the starting materials to a desired optically active lactic 
acid. The present invention has been completed based on those findings. 

The present invention relates to a process for preparing an optically active lactic acid comprising subjecting DL- 
lactonitrile to the action of (a) a microorganism belonging to the genus Enterobactec Arthrobacter, Caseobacten Brevi- 
bacterium, Aureobacterium, Escherichia, Micrococcus, Streptomyces, Flavobacterium, Aeromonas, Nocardia, Myco- 
plana Cellufomonas, Erwinia, Microbacterium or Obsumbacterium, or (b) a microorganism selected from Candida 
quilfiermondii\FO 0566, Pseudomonas sp. SK13(FERM BP-3325), Pseudomonas sp. BC1 5-2 (PERM BP-3320), Pseu- 
domonas ovafis lAM 1002. Rhodococcus sp.SK92 (PERM BP-3324), Rhodococcus erythropolis IFO 12320, Rhodo- 
coccus erythropolis IFO 12538, Rhodococcus erythropoUs IFO 12539. Rhodococcus erythropolis \FM 155, Rhodococ- 
cus rhodochrous ATCC 12674. Bacillus magaterium ATCC 25B33, Bacillus licheniformis IFO 12199 and Corynebac- 
terium flavescens I AM 1642. or treated microbial cells of (a) or (b), which said microorganism is capable of stereospe- 
cif ically hydrolyzing a nitrile in a polar solvent to produce directly D-lactic acid or L-lactic acid in a predominant proportion 

to said starting DL-lactonitrile. 

In another embodiment, the DL-lactonitrile starting material is replaced by prussic acid and acetaldehyde. 

DETAILED DESCRIPTION OF THE INVENTION 

The microorganism used in the present invention can be obtained, for example by the following process. 
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(1 ) Isolation of Strains: 

The soil collected at Yokohama-shi of Kanagawa. Japan is suspended in15 ml of a sterilized water and allowed 
to stand for 30 minutes. Then. 0.1 to 0.2 ml of the resulting supernatant is sprayed on an agar medium containing 
5 2-chloropropionitrile as a nitrogen source (20 g of glycerol, 1 g of 2-chloropropionitrile. 3 g of K2HPO4. 0.2 g of MgCIa, 
40 mg of CaCl2, 4 mg of MnS04.4H20. 0.7 mg of FeCla.yHgO, 0.1 mg of 2nS04.7H20 and 15 g of agar in 1 € of 
demineralized water (pH 7.0) and then cultured at SO'^C for 5 to 6 days. The colonies formed are purely isolated on 
the agar medium. 

10 (2) Assay of Activity: 

The thus-obtained strains are cultured in the same manner as in Example 1 below and reacted with a lactonitrile. 
After completion of the reaction, the system is subjected to centrif ugation to remove the microbial cells. The supernatant 
liquor is analyzed by liquid chromatography (column: SHODEXODS F511A. carrier: 0.2M H3PO2. column temp.: 30»C, 
15 monitor wavelength: 208 nm) to determine an amount of lactic acid produced. 

In addition its optical purity is determined in the same manner as in Example 1 below. 

Specific examples of microorganisms which can be used in the present invention include Enterobacter sp. SKI 2 
(PERM No BP-3322). Enterobacter taylorae JCM 3943. Arthrobacter sp. SK103 (PERM No. P-11300). Arthrobacter 
sp HR1 (FFRM Nn RP-3323V Arthrobacter oxvdans IPO 12138. Caseobacter sp. BC4 (PERM No. BP-3316), Caseo: 

20 bactersp BC23 (PERM No P-11261V Brevibacterium acetvlicum lAM 1790, Brevi bacterium helvolum ATCC 11822. 
A^I^^bacterium testaceum I AM 1 561 . Escherichia coli IPO 3301 . Microco ccus luteus ATCC 383, Micrococcus vanans 
I AM 1099 Micrococcus roseus IPO 3768. Streotomves qriseus IFO 3355. Streptomyes qriseus IPO 14059, Plavobac- 
terium flavescens ATCC 8315, Plavobacterium sp. SK150 (PERM No. P-11645), Aeromonas punctata IPO 13288, 
l^i^dia calcarea KCC A01 91 , Nocardia polvchromogenes IPM 1 9, Mvcoplana dimorpha ATCC 4279, Cellulomonas 

25 fimilAM 12107 Erwinia herbicola IFO 12686, Candida auilliermondii IFO 0566, Candida lypolytica I AM 4964, Pseu; 
^onas sp SK13 (PERM No. BP-3325), Pseudomonas sp. SK31 (PERM No. P-11310), Pseudomonas sp. SK87 
(FERM No P-11311), Pseudomonas sp. BC13-2 (PERM No. BP-3319). Pseudomonas sp. BC15-2 (PERM No. BP- 
3320) Pseudomonas svnxantha lAM 12356, Pseudomonas aeruginosa I AM 1267, Pseudomonas oyahs lAM 1002. 
Rhodococcus er^polis IFO iPS4n Rhodococcus ervthropolis IFO 12320, Rhodococcus sp. SK92 (PERM No. BP- 

30 3324) Rhodococcus sp.HRII (PERM No. P-1 1 306), Rhodococcus sp. SK70 (FERM No. P-1 1 304). Rhodococcus eryth- 
ropoiis I PO 1 2538 Rhodococcus enrthropolis I FO 1 2539, Rhodococcus ervthropolis I PM 1 32, Rhodococcus en^hrop- 
d^M 155 Rhodococcus rhodochrous ATCC 12674. Bacillus lichenilormis IFO 12197. Bacillus licheniformis IFO 
121 99 Bacillus mecaterium ATCC 25833, Bacillus subtilis ATCC 21 697, Corvnebacterium flavescens I AM 1 642, Mh 
crobacterium lacticum lAM 1 640 and Obs urn bacterium proteus ATCC 1 2841 . and variants of those strains. 

35 Of those strains. Arthrobacter oxvdans 1 P0 1 21 38. Brevibacterium acetvlicum lAM 1 790, Brevibacterium helvolum 

ATCC 11822 Aureobacterium testaceum lAM 1561 . Escherichia coli IFO 3301 , Micrococcus luteus ATCC 383. Micro: 
coccus varians I AM 1 099 , Micrococcus roseus I FO 3768, Streptomvces qriseus I FO 3355. Streptomyces qriseus I FO 
14059" Plavobacterium flavescens ATCC 831 5. Aeromonas punctata I FO 1 3288, Nocardia calcarea KCC A01 91 , No; 
cardiapolvchromoqenes I PM 1 9, Mvcoplana dimorpha ATCC 4279. Cellulomonas fimi I AM 1 21 07. Erwinia herbicola 

40 IF012686 Candida auilliermondii IFO 0566. Candida lypolytica I AM 4964. Pseudomona s synxantha I AM 12356. Pseu^ 
domonas aeruginosa I AM 1 267, Pseudomonas ovalis I AM 1 002, Rhodococcus erythropolis IPO 1 2540, Rhodococcus 
ervthropolis IFO 12320. Rhodococcus ervthropolis IFO 12538, Rhodococcus ervthropolis IFO 12539, Rhodococcus 
ervthropolis IPM 132. Rhodococcus ervthropolis IPM 155. Rhodococcus rhodochrous ATCC 12674, Bacillus licheni- 
formis IPO 12197 Bacillus licheniformis IPO 12199. Bacillus meaaterium ATCC 25833, Bacillus subtiMs ATCC 21697, 

45 C^ebacterium flavescens I AM 1 642, Microbacterium lacticum I AM 1 640 and Obsumacterium proteus ATCC 1 2841 
are known strains that are available from the American Type Culture Collection (ATCC). the Institute for Fermentation, 
Osaka (IPO); the Research Institute for Chemobiodynamics. The University of Chiba (IPM); the Institute of Applied 
Microbiology, The University of Tokyo (1AM); the Tokyo Research Laboratories, Kaken Pharmaceutical Co., Ltd. (KCC); 
and the Japan Collection of Microorganisms, RIKEN (JCM) under the deposit number listed above. 

so other microorganisms are new strains isolated from nature by the present inventors and have been deposited with 

the Fermentation Research Institute, Agency of Industrial Science & Technology under the respective deposit number 
(PERM Nos.) listed above. The morphologic and physiologic properties of the new strains are described below. 
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The above-described taxonomica! properties were examined by referring to Berqey's Manual of Systematic Bac- 
teriology (1 986) As a result, the SK1 2 strain was identified to belong to the genus Enterobacter; the SKI 03 and HR1 
strains to the genus Arthrobacter ; the BC4 and BC23 strains to the genus Caseobacter; the SKI 50 strain to the genus 
Flavobacterium :theSK13. SK31, SK87. BC13-2 and BC15-2 strains to the genus Pseudomonas; and the SK92, HR11 
and SK70 strains to the genus Rhodococcus , respectively. 

The present invention is explained further below by referring to a generally adopted embodiment. 

Culture media which can be used for culturing the microorganisms according to the present invention usually 
contain assimilable carbon sources and nitrogen sources and inorganic nutrients necessary for growth. Carbon sources 
include glucose, glycerol and sucrose. Nitrogen sources include yeast extract, peptone and ammonium sulfate. Inor- 
ganic nutrients include dipotassium hydrogenphosphate, magnesium chloride and ferric chloride. It is preferable to 
obtain higher enzyme activity by adding nitriles (e.g.. 2-chloropropionitrile, acetonitrile. propionitnle. n-butyronitrile, 
isobutyronitrile, benzonitrile. benzyl cyanide and 3-cyanopyridine) or, amides or lactams corresponding to those nitriles 
(e.g., e-caproiactam and y-butyrolactam) to the culture in the initial or middle stage ot culturing in such a concentration 
that does not impair greatly growth of the microorganism. 

Culturing is conducted aerobically under controlled conditions selected according to the microorganism, i.e., at a 
pH of from 4 to 10 and at a temperature of from 20 to 90**C for a period of from 24 to 96 hours. 
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The hydrolysis of DL-lactonitrile is carried out by bringing DL-lactonitrile into contact with the thusobtained micro- 
bial cells or treated microbial cells (ruptured cells, crude or purified enzyme isolated therefrom, immobilized microbial 
cells or enzyme) in a polar solvent, whereby a desired optically active tactic acid, i.e.. D- or L-lactic acid, is obtained 
from DL-lactonitrile in a predominant proportion (i.e.. 50 to 100%) and in a high yield. Typical examples of usable polar 
5 solvents include water and an aqueous medium, e.g., physiologic saline and a phosphoric acid buffer solution. If de- 
sired, organic solvents, such as lower alcohols (e.g., methanol and ethanol). dimethylformamide and dioxane. may be 
used in combination with the polar solvent. 

The hydrolysis reaction also can be carried out by using acetaldehyde and prussic acid in place of DL-lactonrtnle. 
DL-Lactonitrile usually is used at a concentration of from 0.01 to 10% by weight in the reaction system and the 
10 concentrations of acetaldehyde and prussic acid are 0.01 to 5% by weight and 0.005 to 3% by weight, respectively 
The microbial cells usually are used in an amount of from 0.01 to 5% by weight (dry basis) based on DL-lactonitrile. 
The reaction Is performed at a pH of from 3 to 1 2. and preferably from 6 to 1 0. and at a temperature of from the freezing 
point to 70°C. and preferably from 10 to SO'^C for a period of from 0.5 to 72 hours. 

After the microbial cells are removed from the reaction system by centrifugation or the like means, the desired 
15 optically active lactic acid is isolated from the reaction solution by any of known techniques, such as concentration, 
electrical dialysis, ion exchange, extraction and crystallization. 

According to the present invention, a desired optically active lactic acid can be prepared directly from DL-lactonitnle 
in a predominant proportion (50 to 100%). The present invention makes it feasible to convert stoichiometricalty all the 
raw material to a desired optically active lactic acid, thus providing an extremely efficient process for preparing optically 
20 active lactic acids. 

The present invention is now illustrated in greater detail with reference to the following Examples, but it should be 
understood that the present invention is not deemed to be limited thereto. 



25 



30 



EXAMPLE 1 



(1) Culturing: 



Each of the microorganisms shown in Table 1 below was inoculated into 10 m€ of a medium having the following 
composition in a test tube (diameter: 22 mm) and shake-cultured at 30°C for 2 days. 

Medium Composition: 



35 
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Glycerol 


20 g 


Yeast extract 


3g 


2-Chloropropionitrile 


1 9 


K2HPO4 


3g 


MgC€2 


0.2 g 


CaC^2 


40 mg 


MnS04.4H20 


4mg 


FeC€3.7H20 


0.7 mg 


ZnS04.7H20 


0.1 mg 


Distilled water 


1000 m€ 


pH 


7.2 



50 
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(2) Hydrolysis of DL-Lactonitrile: 

The microbial cells were collected from each culture by centrifugation and washed with a 30 mM phosphoric acid 
buffer solution (pH=7.0). The precipitated cells were collected and resuspended in 5 rT>€ of the same buffer solution. 
DL-Lactonitrile was added to the cell suspension in a final concentration of 10 mM. followed by incubation at 30^*0 for 
24 hours After completion of the reaction, the system was subjected to centrifugation to remove the microbial cells. 
The supernatant liquor was analyzed by column chromatography using a matrix, "MCI-GEL-CRS10W". produced by 
Mitsubishi Chemical Co.. Ltd. or by an enzyme analysis using D-or L-lactic acid dehydrogenase and nicotinamide 
adenine dinucleotide to determine the optically active lactic acid produced and its optical purity. The results obtained 
are shown in Table 1 . 
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TABLE 1 



Amount of 
Microbial 





Microoraanism 


Cells 


Optical 






Genus 


Strain 


nn 610 nm 


Pn T" 1 tv* 

L U JL -1* w V 


Yield 










(%ee) 


(%) 


10 


En ueroDacteir 




12.4 


100.0 


98.0 








38.6 


100.0 


20.0 






DI\ ± Lr J 


33.8 


27 .0 


85.0 


IS 






42.0 


-29 . 1 


79.0 






WP 1 
n£\ J. 


31 .0 


-100.0 


8.5 


20 


«v 

Caseooacter 




15.8 


52.0 


87.5 






20 . 6 


51.7 


21.4 




Brevibacteriuin 


I AM 1 / y u 


22.5 


31.0 


87.0 


25 




Arn/^r* 1 1 Q 0 0 
AJ.L.L. 1 1 O^Z 


16,3 


-100.0 


11.4 




Aureobacterium 


I AM 1551 


15.3 


-100.0 


51.6 


30 


Escherichia 




17.7 


85.7 


70.0 


Micrococcus 


ATCC J o J 


20.6 


-100.0 


96.0 






T TV M 1 n Q Q 


20.5 


-71 . 0 


91.6 


35 




TTm T 7 ^ Q 
XX U J / o o 


57 . 0 


-100.0 


24,3 




StreotomvcGs 


X £ U J J 0 3 


24 . 1 


85.3 


95.6 






IFO 14059 


3.5 


26.0 


19.0 


40 


Flavobacterium 


ATCC 8315 


33.0 


67.6 


92.5 






SK150 


12.1 


20.0 


36.9 


45 


Aeromonas 


IFO 13288 


26.5 


88.0 


55.3 




Nocardia 


KCC A0191 


20.9 


-55. 2 


69.6 






IFM 19 


6.5 


-100.0 


60.0 


50 








/To 


be cont'd. 
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Rhodococcus 



lAM 1002 
BC15-2 
IFO 12540 
IFO 12320 
SK92 
SK70 
HRll 
IFM 132 
IFO 12538 
IFM 155 



37.2 

33.5 

23.9 

22.2 

17 . 2 

15 . 3 

28.1 

35.6 

24 .6 

45.7 



100.0 
100.0 
25.4 
-92.6 
-72.5 
-10 . 0 
-23.5 
-90.0 
-61.0 
-100.0 







TABLE 1 


(cont'd. ) 






5 


Microoraanism 

^ C ■♦- -r" a i 


Amount of 
Microbial 

Cells 
OD 6 30 nin 


Optical 
Puritv* 


Yield 










( %ee) 




10 


MYcoolana 


ATCC 4 279 


14.5 


-100.0 


25 . 0 




rfi^^ lulomonas 


lAM 12107 


31 .0 


-100.0 


97.2 




Erwinia 


IFO 12686 


21.4 


37 .4 


94 . 6 


IS 


Candida 


IFO 0566 


23.0 


93.5 


62.0 






lAM 4964 


81.2 


-100.0 


3 . 0 




Psftudomonas 


SK13 


12.7 


69.8 


69 . 6 






SK31 


16 . 1 


53.3 


58.2 






SK87 


19.6 


81.5 


56.2 


25 




BC13-2 


38.8 


36.3 


33.5 






lAM 12356 


8.9 


71.1 


36.9 






lAM 1267 


9.3 


-100.0 


4 . 1 



67 .0 
86.0 
100.2 
81.0 
69 .8 
98,5 
91.9 
48.0 
80.0 
67 .0 



so 



/To be cont'd. 
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TABLE 


1 f cont'd, ) 






5 


Microoraani sm 


Amount of 
MicroDia i 
Cells 


Optical 






Genus 


Strain 


uu 0 J u niu 


Dili"! ^"^yir 


I xo 


10 








( %ee) 


(%) 




Rhodococcus 


IFO 12539 


25 . 0 


-87.0 


88 .0 






ATCC 12674 


18 . 2 


-56.0 


95.0 


15 


Bacillus 


IFO 12197 


17 . 8 


-100.0 


8.9 






ATCC 25833 


67 . 2 


-100.0 


65.0 


20 




ATCC 21697 


1 . 3 


-100 .0 


8.9 






IFO 12199 


18.6 


-100.0 


63.0 




Corvnebacterium 


lAM 1642 


33 . 1 


-100.0 


100.0 


25 


Microbacteriuiu 


lAM 1640 


26 . 3 


-100.0 


91.0 




Obsumbacterium 


ATCC 12841 


8 . 1 


-100.0 


4.7 




Note: Optical 


purity is 


based on D- 


lactic acid. 


lOO^i 
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indicates that the compound solely comprises D-lactic 
acid, and -100%ee indicates that the compound solely 
comprises L-lactic acid. 

EXAMPLE 2 

(1) Gulturing: 

Enterobacter sp. SK1 2 was cultured in the same manner as in Example 1 . except for using 1 00 m€ of the medium 
in a 500 m€ volume Erienmeyer flask. 

(2) Hydrolysis of DL-Lactonitrile: 

To the microbial cells collected from the culture in the same manner as in Example 1 was added 50 mM phosphoric 
acid buffer solution to prepare a cell suspension having a cell concentration of 30 (CD 630 nm). To the cell suspension 
was added DL-lactonitrile to a final concentration of 20 mM, and the reaction progress was observed over time. A 2 
m€ sample of the reaction system was taken out each 1 hour to determine the amount of lactic acid produced in the 
same manner as in Example 1 . The results obtained are shown in Table 2 below. 

TABLE 2 



Reaction Time 


Yield of Product 


D- Lactic Acid 


L- Lactic Acid 


(hr) 


(%) 


(%) 


1.0 


27.5 


0 



10 




10 



IS 



20 



25 
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TABLE 2 (continued) 




Reaction Time 


Yield of Product 


D-Lactic Acid 


L- Lactic Acid 


(hr) 


(%) 


(%) 


2.0 


60.0 


0 


3.0 


80.0 


0 


4.0 


97.5 


0 



Example 3 

(1) Cutturing: 

Enterobacter sp. SKI 2 was cultured in the same manner as in Example 2. 

(2) Hydrolysis using Acetaldehyde and Prussic Acid: 

To the microbial cells collected from the culture in the same manner as in Example 2 was added 50 mM phosphoric 
acid buffer solution to prepare a cell suspension having a cell concentration of 30 (OD 630 nm). To the cell syspension 
was added acetaldehyde and prussic acid to a final concentration of 20 mM. respectively, and the reaction was carried 
out at 20'C for 5 hours. The amount of lactic acid produced and its optical purity were determined in the same manner 
as in Example 1 . The results obtained are shown in the Table 3 below. 

TABLE 3 



30 



Reaction Time 


Yield of Lactic Acid 


Optical Purity of D-Lactic Acid 


(hr) 


(%) 


(%ee) 


5 


83 


100 



Claims 



1 A process for preparing an optically active lactic acid comprising subjecting DL-lactonitnle to the action of (a) a 
35 microorganism belonging to the genus Enterobacter, Arthrobacten Caseobacten Brevibactenum, Aureobactenum, 

Escherichia, Micrococcus, Streptomyces, Flavobacterium, Aeromorias, Nocardia, Mycoplar\a, Cellulomonas, Er- 
winia Microbactehum or Obsumbacterium, or (b) a microorganism selected from Candida quiHiermondU I FO 0566. 
Pseudomonassp. SK13(FERM BP-3325). Pseudomo nas sp. BC15-2 (PERM BP-3320), Rhodococcus sp. SK92 
(PERM BP-3324) Rhodococcus erythropolis IPO 12320. Rhodococcus erythropolis IPO 12538. Rhodococcus 
40 erythropolis IPO 12539, Rhodococcus rhodochrous ATCC 12674, Bacillus magatehum ATCC 25833. Baailus h- 

cheniformis IPO 12199 and, or treated microbial cells of (a) or (b). which said microorganism is capable of stere- 
ospecifically hydrolyzing a nitrile in a polar solvent to produce directly D-lactic acid or L-lactic acid in a predominant 
proportion to said starting DL-lactonitrile. 

4S 2 The process of Claim 1 , wherein said microorganism is Enterobacter sp. SK12 (PERM No. BP-3322). Arthrobacter 
sp HR1 (PERM No. BP-3323). Caseobacter sp. BC4 (PERM No. BP-3316), Pseudomonas sp. SKI 3 (PERM No. 
BP-3325), Pseudomonas sp. BC15-2 (PERM No. BP-3320) or Rhodococcus sp. SK92 (PERM No. BP-3324). or 
a variant of those strains. 

50 3. The process of Claim 1 . wherein said polar solvent is water, physiological saline or a phosphoric acid buffer solution. 

4 A process for preparing an optically active lactic acid comprising subjecting acetaldehyde and prussic acid to the 
action of (a) a microorganism belonging to the genus Enterobacter, Arthrobacter, Caseobacter, Brevibactenum, 
Aureobacterium, Escherichia, Micrococcus, Streptomyces, Flavobacterium, Aeromonas, Nocardta, Mycoplana, 
55 Cellulomonas Enf^inia, Microbactehum or Obsumbactehum, or (b) a microorganism selected from Candida quil- 

liermondii IPO 0566. Pseudomonas sp. SKI 3 (PERM BP-3325), Pseudomonas sp. BC15-2 (PERM BP-3320). 
Rhodococcus sp SK92 (PERM BP-3324). Rhodococcus erythropolis IPO 12320. Rhodococcus erythropolis IPO 
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1 2538, Rhodococcus erythropolisl f0 1 2539, Rhodococcus rhodochrous PJOC 1 2674, Bacillus magaterium ATCC 
25833! Bacillus licheniformis IFO 12199 and, or treated microbial cells of (a) or (b). which said microorganism is 
capable of stereospecifically hydrolyzing a nitrile in a polar solvent to produce directly D-lactic acid or L-lactic acid 
in a predominant proportion to said acetaldehyde and prussic acid, 

5. The process of Claim 4. wherein said microorganism is Enterobacter sp. SKI 2 (PERM No. BP-3322). Arthrobacter 
sp HR1 (PERM No. BP-3323). Caseobactersp. BC4 (PERM No. BP-3316), Pseudomonas sp. SKI 3 (PERM No. 
BP-3325). Pseudomonas sp. BC15-2 (PERM No. BP-3320) or Rhodococcus sp. SK92 (PERM No. BP-3324). or 
a variant of those strains. 

Revendications 

1 . Procede de preparation d'un acide lactique optiquement actif , comprenant la soumission de DL-lactonitrile ^ Taction 
IS de (a) ■ .r. minrn-r>rgani.Qmfi appurtenant au genre Enterobacter , Arthrobacter . Caseobacter. Brevibacterium. Ayreo: 

bacterium . Escherichia . Micrococcus . Streptomvces . Flavobacterium . Aeromonas . Nocardia, Mycoplana, Cellulo- 
monas . Erwinia. Microbacterium ou Obsumbacterium ou (b) un micro-organisme s61ectionn6 parmi Candida 
Quilliermondii t PO 0566, Pseudomonas sp. SKI 3 (PERM BP-3325). Pseudomonas sp. BC1 5-2 (PERM BP-3320). 
Rhodococcus sp. SK92 (PERM BP-33241. Rhodococcus ervthropolis IFO 12320, Rhodococcus erythropolis IPO 
20 1 2538, Rhodococcus ervthropolis I P0 1 2539, Rhodococcus rhodochrous ATCC 1 2674. Bacillus maqaterium ATCC 

2583a Bacillus licheniformis IFO 121 99 ou des cellules microbiennes trait6es de (a) ou (b), ledit microorganisme 
6tant capable d'hydrolyser st6r6osp6cifiquement un nitrile dans un solvant polaire pour produire directement de 
racide D-lactique ou de I'acide L-lactique en une proportion predominante par rapport audit DL-lactonitrile de 
depart. 

26 

2 Procede selon la revendication 1 , otj ledit micro-organisme est Enterobacter sp. SKI 2 (PERM n' BP-3322). Arthro- 
bacter sp. HR1 (PERM n*" BP-3323), Caseobacter sp. BC4 (PERM n° BP-3316), Pseudomonas sp. SK13 (PERM 
n° BP-3325), Pseudomonas sp. BC15-2 (PERM n** BP-3320) ou Rhodococcus sp.. SK92 (PERM n" BP-3324) ou 
un variant de ces souches. 

30 

3. Procede selon la revendication 1. ou ledit solvant polaire est de I'eau. une solution sal6e physiologique ou une 
solution tampon acide phosphorique. 

4. Procede de preparation d'un acide lactique optiquement actif , comprenant la soumission d'ac6tald6hyde et d'acide 
35 ' prussique a Paction de (a) un micro-organisme appartenant au genre Enterobacter. Arthrobacter. Caseobacter, 

Brevibacterium . Aureobacterium . Escherichia , Micrococcus . Streptomvces , Flavobacterium. Aeromonas. Nocar- 
dia . Mvcoplana . Cellulomonas . Enwinia . Microbacterium ou Obsumbacterium ou (b) un micro-organisme s6lec- 
tionne parmi Candida quilliermondii IPO 0566, Pseudomonas sp. SK13 (PERM BP-3325), Pseudomonas sp. 
BC15-2 (PERM BP-3320), Rhodococcus sp. SK92 (PERM BP-3324V Rhodococcus en/thropolis IPO 12320, Rho: 
40 dococcus ervthropolis I PO 1 2538, Rhodococcus ervthropolis IPO 1 P539. Rhodococcus rhodochrous ATCC 1 2674, 

Bacillus magaterium ATCC 25833, Bacillus lichenifonnis IFO 12199 ou des cellules microbiennes traitees de (a) 
ou (b). ledit micro-organisme 6tant capable d'hydrolyser st6r6osp6cifiquement un nitrile dans un solvant polaire 
pour produire directement de I'acide D-lactique ou de I'acide L-lactique en une proportion predominante par rapport 
auxdits ac6tald6hyde et acide prussique. 

45 

5 Proc6d6 selon la revendication 4, otj ledit micro-organisme est Enterobacter sp. SKI 2 (PERM n"* BP-3322), Arthro- 
bacter sp. HR1 (PERM n° BP-3323y Caseobacter sp. BC4 fPERM n° BP-3316). Pseudomonas sp. SKI 3 (PERM 
n° BP-3325), Pseudomonas sp. BC15-2 (PERM n° BP-3320) ou Rhodococcus sp. SK92 (PERM n** BP-3324) ou 
un variant de ces souches. 

50 

Patentanspruche 

1. Verfahren zur Herstellung einer optisch aktiven Milchsaure, das ein Untenwerfen von D,L-Lactonitril der Wirkung 
55 (a) eines Mikroorganismus, der zur Gattung Enterobacter, Arthrobacter, Caseobacter. Brevibacterium, Aureobac- 

terium. Escherichia, Mirococcus, Streptomyces, Flavobacterium, Aeromonas. Nocardia. Mycoplana. Cellulomo- 
nas, Enwinia. Microbacterium oder Obsumbacterium gehort, oder (b) eines Mikroorganismus. der aus Candida 
quilliermondii IFO 0566. Pseudomonas sp. SK13 (PERM BP-3325). Pseudomonas sp. BC15-2 (PERM BP-3320), 
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Rhodococcus sp. SK92 (FERM BP-3324). RhodcDCOCCUS erythropolis IFO 12320, Rhodococcus erythropolis IFO 
1 2538. Rhodococcus erythropolis IFO 12539, Rhodococcus rhodochrous ATCC 12674, Bacillus magaterium ATCC 
25833, Bacillus licheniformis IFO 12199 ausgewahit wird, oder behandelter mikrobieller Zellen von (a) Oder (b) 
umfa3t. wobei der Mikroorganismus zur stereospezifischen Hydrolyse eines Nitrils in einem polaren Losungsmittel 
5 unter direkter Bildung von D-Milchsaure oder L-Milchsaure in einer gegenOber dem Ausgangs-DL-Lactonitril Ober- 

wiegenden Menge geeignet ist. 

2. Verfahren nach Anspruch 1, in dem der Mikroorganisnnus Enterobacter sp. SK12 (FERM Nr. BP-3322), Arthrob- 
actersp. HR1 (FERM Nr. BP-3323). Caseobacter sp. BC4 (FERM Nr. BP-3316), Pseudomonas sp. SKI 3 (FERM 

10 Nr. BP-3325), Pseudomonas sp. BC15-2 (FERM Nr. BP-3320) oder Rhodococcus sp. SK92 (FERM Nr. BP -3324) 

Oder eine Variants dieser Stamme ist. 

3. Verfahren nach Anspruch 1 , in dem das polare Losungsmittel Wasser, physiologische Salzlosung oder eine Phos- 
phorsaure-Puffer-Losung ist. 

IS 

4. Verfahren zur Herstellung einer optisch aktiven Milchsaure. das ein Unterwerfen von Acetaldehyd und Blausaure 
der Wirkung (a) eines Mikroorganismus. der zur Gattung Enterobacter, Arthrobacter. Caseobacter. Brevibacterium, 
Aureobacterium. Escherichia, Mirococcus, Streptomyces, Flavobacterium. Aeromonas, Nocardia, Mycoplana, 
Cellulomonas. Erwinia, Microbacterium oder Obsumbacterium gehort; oder (b) eines Mikroorganismus, der unter 

20 Candida quilliermondii IFO 0566, Pseudomonas sp. SK13 (FERM BP-3325). pseudomonas sp. BC15-2 (FERM 

BP-3320), Rhodococcus sp. SK92 (FERM BP-3324), Rhodococcus erythropolis IFO 12320, Rhodococcus ery- 
thropolis IFO 12538, Rhodococcus erythropolis IFO 12539, Rhodococcus rhodochrous ATCC 12674, Bacillus ma- 
gaterium ATCC 25833, Bacillus licheniformis IFO 12199 ausgewahit wird. oder behandelter mikrobieller Zellen 
von (a) Oder (b) umfaRt, wobei der Mikroorganismus zur stereospezifischen Hydrolyse eines Nitrils in einem polaren 

25 Losungsmittel und direkter Bildung von D-Milchsaure oder L-Milchsaure in einer gegenuber dem Acetaldehyd und 

der Blausaure Oberwiegenden Menge geeignet ist. 

5. Verfahren nach Anspruch 4, in dem der Mikroorganismus Enterobacter sp. SKI 2 (FERM Nr. BP-3322), Arthrob- 
acter sp. HR1 (FERM Nr. BP-3323). Caseobacter sp. BC4 (FERM Nr. BP-3316), Pseudomonas sp. SKI 3 (FERM 

30 Nr. BP-3325). Pseudomonas sp. BC15-2 (FERM Nr. BP-3320) oder Rhodococcus sp. SK92 (FERM Nr. BP-3324) 

oder eine \feriante dieser Stamme ist. 



35 



40 



45 



SO 



55 



13 



